Introduction
Due to their similarity with the extracellular matrix and their high biocompatibility, hydrogels have found wide interest as matrices for tissue engineering, in particular for soft tissues. Thermosensitive hydrogels composed of block copolymers of poly(ethylene glycol) (PEG) and aliphatic polyesters are promising materials for drug delivery applications and tissue engineering. PEG is known to have excellent antifouling properties and biocompatibility and is excreted by the kidney at molecular weights up to ca. 30,000 [1] . Aliphatic polyesters, such as poly(lactide) (PLA) are known to be biocompatible and render the hydrogel biodegradable. More recently, Li et al. [2] , Fujiwara et al. [3] and Lee et al. [4] have shown that hydrogels can be prepared from PEG-PLLA and PEG-PDLA triblock copolymers, where the crosslinks in the hydrogel are provided by stereocomplexation between d-and l-lactide blocks. Stereocomplex-based oligolactide grafted dextran hydrogels have been developed by de Jong et al. [5] . These hydrogels provide a full preservation of enzymatic activity combined with a quantitative release and full degradation in 1 to 7 days. In this paper, we describe the solubility of a series of PEG-PLA triblock copolymers and the effect of stereocomplexation on gelation behaviour. PEG-PLA star-block copolymers with opposite chirality of PLA blocks were investigated to study the effect of multiple interaction sites on gelation and gel strength.
Experimental methods
PEG-(PLA) 2 block copolymers were prepared by the Sn(Oct) 2 catalysed ring opening polymerisation of d-or l-lactide initiated by hydroxyl groups of PEG-(OH) 2 (Fig. 1 ) at 105 8C in toluene for 4 h. PEG-(PLA) 8 block copolymers were prepared similarly at room temperature in dichloromethane for 4 h using the single site Zn catalyst Zn(Et)[S(C 6 H 6 -CH(Me)NC 5 H 10 ]-2.
Aqueous polymer solutions were prepared by dissolving the appropriate amount of polymer in distilled water at room temperature. In case of hydrogels by stereocomplexation, polymer solutions of both d-and l-enantiomers were mixed and the sample was stirred vigorously for~2 min. For both single enantiomer polymer solutions and for polymer solutions containing both d-and l-enantiomers, temperature-dependant gelation was tested at temperatures between 20 and 60 8C with intervals of 10 8C using a water bath. At each temperature, the samples were allowed to equilibrate for at least 20 min. No flow within 20 s while inverting the vial was regarded as a gel state. 
Results and discussion
Well-defined PEG-(PLA) 2 block copolymers of desired molecular weights and low polydispersities (M w /M n ) were obtained (Table 1) by the Sn(Oct) 2 catalysed ring-opening polymerisation of l-or d-lactide initiated with dihydroxy PEGs. In case of PEG-(PLA) 8 block copolymers, an eight arm hydroxy functionalized PEG was used and a single-site Zn-complex was applied to prevent gelation of the reaction mixture. The polydispersities of these star copolymers varied from 2 and 3 as determined with GPC. Similar polydispersity was observed for the starting PEG. Table 1 Composition, molecular weight and polydispersity of PEG-PLA block copolymers
The polymers should be able to dissolve in water to facilitate stereocomplexation and to have homogeneous hydrogels. The solubility of PEG-PLA block copolymers in water is highly dependent on the block length of PEG and PLA. For example, the maximum numbers of lactyl units per PLA block for PEG6500-(PLA) 2 and PEG12500-(PLA) 2 are 14 and 22, respectively, in order to render these copolymers water soluble. PEG21800-(PLA) 8 block copolymers were found to be water soluble up to 14 lactyl units per PLA block. It should be noted that enantiomeric triblock copolymers can also afford hydrogels above critical gelation concentrations (CGCs) at room temperature (Table 2) . However, for tissue engineering applications, it is desirable that cells may be suspended into these enantiomeric polymer solutions, which upon mixing and stereocomplexation form a hydrogel. To this end, these enantiomeric polymer solutions should be fluid to allow mixing. Polymer concentrations should be lower than CGCs of the enantiomeric polymer solutions, but should be above the CGC of the stereocomplex (Table 2) . For all PEG-PLA block copolymers studied, gelation occurred upon mixing of aqueous solutions of PEG-PLA polymers of opposite chirality (Fig. 2) . Hydrogels from PEG6500-(PLA) 2 polymers were found to be stable up to~37 8C, while hydrogels from PEG12500-(PLA) 2 and PEG21800-(PLA) 8 block copolymers were stable up to~50 8C. At higher temperatures phase, separation occurred.
Preliminary results from rheology measurements showed a storage modulus of~1 kPa for stereocomplexed PEG21800-(PLA) 8 hydrogels, which is about five times higher than the value found for stereocomplexed PEG6500-(PLA) 2 hydrogels. Therefore, 2 15 wt.% solution at 37 8C. Right: PEG6500-(PLLA 12 ) 2 +PEG6500-(PDLA 13 ) 2 15 wt.% hydrogel at 37 8C. PEG21800-(PLA) 8 hydrogels may be more promising for tissue engineering of cartilage. Further rheology measurements will be carried out to determine gelation kinetics and gel strength. Cell culture experiments will be performed to investigate cell growth on the hydrogels. Table 2 Minimal polymer concentration to induce gelation at room temperature Conclusions PEG-PLA hydrogels can be prepared by stereocomplexation of PLA blocks. Preliminary results indicate that stereocomplexed PEG21800-(PLA) 8 hydrogels have potential for tissue engineering of cartilage.
